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1
ELECTROMAGNETIC CONTROL VALVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electromagnetic con-
trol valve for a variable capacity compressor and, more
particularly, to an electromagnetic control valve for a vari-
able capacity compressor employed in a cooling unit for
vehicles.

2. Related Art

The inventors of the present invention have developed an
electromagnetic control valve for a variable capacity com-
pressor employed in a cooling unit for vehicles, which is
disclosed in Japanese Patent Application No. 8-109797.

FIG. 4 is a schematic view of a capacity control mecha-
nism in a variable capacity compressor in which the above
electromagnetic control valve is employed.

A compressor 20 is provided with an electromagnetic
control valve 1-5 for capacity control at its attachment cavity
portion 40. A plurality of cylinders 25 are provided inside
the head portion leading to the crankcase 21 of the com-
pressor 20. A piston 26 is slidably provided for each of the
cylinders 25. A driving shaft 27 is rotatably provided
between the crankcase 21 and the head portion 41. The
driving shaft 27 is driven by an engine (not shown) with
assistance of a belt 35 and a pulley 34 provided at the outer
end.

The driving shaft 27 is provided with a known wobble
plate 29 for angle variation. The wobble plate 29 is con-
nected to the pistons 26 via piston rods 24. The inclined
wobble plate 29 is rotated by the driving shaft 27 to
reciprocate the piston rods 24 and the pistons 26. Thus, the
attachment angle of the wobble plate 29 can be automati-
cally adjusted depending on the difference between the
control chamber pressure Pc inside the crankcase 21 and the
suction side pressure Ps inside the cylinders 25.
Accordingly, the stroke width of the pistons can be varied
depending on the inclination of the wobble plate 29.

Each of the cylinders 25 has a suction inlet S and a
discharge outlet D, and is connected, via passages d and s,
to a condenser 31, an evaporator 32, and an expansion valve
33, which constitute the refrigerating cycle. The electromag-
netic control valve 1-5 is led to a control chamber C inside
the crankcase 21 via a refrigerant passage 36, to the suction
inlet S via a refrigerant passage 37, and to the discharge
outlet D via a refrigerant passage 38.

FIG. § is a sectional view of the electromagnetic control
valve of the prior art when not energized.

The electromagnetic control valve 1-5 includes: (a) a
valve member 8a which is provided in a valve chamber 18
formed by an upper main body 7 and a valve main body 17,
and which repeatedly comes into contact with and depart
from a valve seat 174 formed in a valve opening 17k situated
on the way to a Pc pressure introducing opening 174 leading
to the crank chamber C in the crankcase 21; (b) a Pd pressure
introducing opening 17 which is formed on the opposite
side of the Pc pressure introducing opening 17/ from the
valve chamber 18, and which leads to the discharge-side
refrigerant passage 38 of the compressor 20; (c) a valve
guide 17e extending from the Pd pressure introducing open-
ing 17i to the Pc pressure introducing opening 174; (d) a
valve stem 8b which is integrally formed with the valve
member 8a, and which is movable in the vertical direction
inside the valve guide 17¢; (e) a pushing unit 9 for pushing
the valve member 8a in the valve opening direction; (f) a
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2

plunger 5 situated above the upper main body 7 which is
vertically movable by virtue of the suction power of an
electromagnetic coil 15, and which pushes the valve mem-
ber 8a in the valve closing direction via a connecting rod 6
which is vertically movable in a through opening 7b of the
upper main body 7; (g) a pressure equalizing opening 17¢g
formed through the valve main body 17 and extending from
the valve chamber 18 to the Pd pressure introducing opening
17i; (h) pressure bellows 11 formed below the Pd pressure
introducing opening 17i and situated in a space 17g which
communicates with the suction inlet S of the compressor 20;
and (i) a corrective pin 10 which comes into point-contact
with the lower surface of the valve stem 8 at its upper end
and with the pressure bellows 11 at its lower end, and which
is movable in a guide hole 17j extending from the Pd
pressure introducing opening 17: to the space 17g.

With the suction pressure Ps of the piston cylinders 25 in
FIG. 5, the pressure bellows 11 control the opening of the
valve amber 8a, which is situated in the refrigerant passage
extending from the refrigerant passage (a discharge pressure
supply passage) 38 to the crankcase 21.

A casing 2, a coil guide 3, the plunger 5, the connecting
rod 6, the upper main body 7, the electromagnetic coil 15,
and a plunger tube 16, integrally constitute an electromag-
netic actuator. The closing of the valve member is controlled
depending on the current supplied to the electromagnetic
coil by the electromagnetic actuator.

With the above electromagnetic control valve, however,
there has been a problem that the control stability is often
lowered. The contact surfaces between the plunger and the
upper main body are a conic surface having uniform vertical
angles and a plane vertical to the valve stem, respectively. If
the plunger deviates from the center of the suction portion of
the upper main body, the horizontal suction force toward the
conic surface suction portion is great in the case where the
plunger is situated close to the upper main body, and small
in the case where the plunger is far from the upper main
body. Because of the unbalance of the suction force, the
plunger deviates further from the center, and is pressed by
the plunger tube due to the horizontal suction force when
moving. The friction resistance caused here appears as
hysteresis, which lowers the control stability of the valve.

Since the magnetic force loss is great between the plunger
and the coil guide, it has been necessary to use a coil large
enough to obtain the coil suction force required.

SUMMARY OF THE INVENTION

The principal object of the present invention is to improve
the control stability of an electromagnetic valve by reducing
the hysteresis in the electromagnetic actuator and also
reducing magnetic force loss.

A first aspect of the present invention is to provide an
electromagnetic control valve having a plunger movable by
electromagnetic force of the electromagnetic coil. The
plunger adjusts the opening of the valve body of this
electromagnetic control valve. One end of the guide pin is
forced into and then secured in a hole formed in the center
of the coil guide so that the plunger moves in the center of
the suction portion. A guide hole is formed in the center of
the plunger so that the plunger moves along the guide pin.

In a second aspect of the present invention, an electro-
magnetic control valve is provided with a plunger movable
by electromagnetic force of the electromagnetic coil, and the
movements of the plunger are transferred to the valve
member via the connecting rod so as to adjust the opening
of the valve member. One end of the connecting rod is forced
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into and then secured in a hole formed in the center of the
plunger so that the plunger moves in the center of the suction
portion. A guide portion for guiding the connecting rod is
provided in the center of the upper main body.

In a third aspect of the present invention, an electromag-
netic control valve is provided with a plunger movable by
electromagnetic force of the electromagnetic coil, and the
movements of the plunger are transferred to the valve
member via the connecting rod, thereby adjusting the open-
ing of the valve member. The connecting rod is forced into
and then secured in a hole formed in the center of the plunger
so that the plunger moves in the center of the suction portion.
A first guide portion for guiding the connecting rod is
provided at the lower end of the coil guide.

In a fourth aspect of the present invention, a second guide
portion having low frictional resistance for guiding the
connecting rod is provided at the lower end of the upper
main body of the electromagnetic control valve.

In a fifth aspect of the present invention, a coil cover made
of a magnetic material is provided inside the electromag-
netic coil so that the upper end of the coil cover is in contact
with the casing while the lower end surrounds the plunger.

The above and other objects and features of the present
invention will be more apparent from the following descrip-
tion taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a first embodiment of an
electromagnetic control valve in accordance with the present
invention.

FIG. 2 is a sectional view of a second embodiment of an
electromagnetic valve in accordance with the present inven-
tion.

FIG. 3 is a sectional view of third and fourth embodiments
of an electromagnetic valve in accordance with the present
invention.

FIG. 4 is a schematic view of a capacity control mecha-
nism in a variable capacity compressor in which a conven-
tional electromagnetic control valve is employed.

FIG. § is a sectional view illustrating the conventional
electromagnetic control valve when not energized.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following is a description of embodiments of the
present invention, with reference to the accompanying draw-
ings.

(First Embodiment)

FIG. 4 shows a capacity control mechanism in a variable
capacity compressor in which an electromagnetic control
valve is employed. FIG. 1 shows an electromagnetic valve
1-1 attached to such capacity control mechanism as shown
in FIG. 4.

This electromagnetic control valve 1-1 comprises bellows
12 for controlling the opening of a valve member 80 by
suction pressure Ps of a piston cylinder 25, and an electro-
magnetic actuator for controlling the opening of the valve
member 80 by electric current supplied to the electromag-
netic coil. The bellows 12 are provided in a discharge
pressure supply path 38 leading to the inside of a crankcase
21 from the discharging side of a compressor 20. The
electromagnetic actuator is made up of a casing 2, a coil
guide 3, a plunger 5, a connecting rod 6, an upper main body
7, an electromagnetic coil 15, and a plunger tube 16.

One end of a guide pin 60 is forced into and then secured
in a hole 3b formed in the center of the coil guide 3 so that
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the plunger 5 moves in the center of a suction portion 70
while keeping clearance with the plunger tube 16. A guide
hole 5a is formed in the center of the plunger 5 so that the
plunger 5 moves along the guide pin 60. A clearance of 0.2
mm or so is formed between the plunger 5 and the plunger
tube 16 so that they never come into contact with each other.
This aspect of the embodiment is the same as in other
embodiments.

Since one end of the guide pin 60 is secured by the hole
3b formed in the center of the coil guide 3, the plunger 5 is
guided along the guide pin by virtue of the guide hole Sa.
Thus, the plunger 5 moves in the center of the suction
portion 70 without coming into contact with the plunger tube
16.

(Second Embodiment)

FIG. 2 shows an electromagnetic control valve 1-2
attached to the above-mentioned capacity control mecha-
nism.

This electromagnetic control valve 1-2 is provided with
the same bellows 12 and electromagnetic actuator as in the
first embodiment. One end of the connecting rod 6 is forced
into and then secured in a hole 5b formed in the center of the
plunger 5 so that the plunger 5 moves in the center of the
suction portion 70 while keeping clearance with the plunger
tube 16. The plunger 5 is secured to the one end of the
connecting rod 6 by virtue of the hole 5b, and guided by the
guide hole 7b formed in the center of the upper main body
7 via the connecting rod 6.

(Third Embodiment)

FIG. 3 shows an electromagnetic control valve 1-3
attached to the above-mentioned capacity control mecha-
nism.

This electromagnetic control valve 1-3 is provided with
the same bellows 12 and electromagnetic actuator as in the
first embodiment. One end of the connecting rod 6 is forced
into and secured in the hole 5b formed in the center of the
plunger 5 so that the plunger moves in the center of the
suction portion while keeping clearance with the plunger
tube 16. A first guide portion 90-1 made of polytetrafluoro-
ethylene (i,e TEFLON®) having low frictional resistance is
provided at the lower end of the coil guide 3, and a second
guide portion 90-2 made of polytetrafluoroethylene having
low frictional resistance is provided at the lower end of the
upper main body 7.

The plunger 5 is secured to the connecting rod 6 by virtue
of the hole 5b, and guided by the first guide portion 90-1 and
the second guide portion 90-2 via the connecting rod 6.

As the plunger 5 moves along the guide portions 90-1 and
90-2, unbalance of horizontal suction force caused at the
conic suction portion can be reduced. Furthermore, there is
no friction resistance caused between the plunger 5 and the
plunger tube 16, because they do not come into contact with
each other. Since vertical frictional resistance caused at the
connecting rod can be reduced by virtue of the guide portion
made of polytetrafluoroethylene, the hysteresis in the elec-
tromagnetic actuator can be about four times smaller than in
the prior art.

(Fourth Embodiment)

An electromagnetic control valve of the fourth embodi-
ment is the same as in the first to third embodiments, except
that a coil cover 50 made of a magnetic material is provided
inside the electromagnetic coil 15 so that the upper end of it
is in contact with the casing 2 while the lower end is
positioned around the plunger 5.

Since magnetic force is transferred between the coil cover
50 and the plunger 5, magnetic force loss can be reduced and
coil suction force can be twice greater than in the case where
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no coil cover is used. Thus, the electromagnetic coil can be
made smaller accordingly.

Although the present invention has been fully described
by way of examples with reference to the accompanying
drawings, it is to be noted that various changes and modi-
fications will be apparent to those skilled in the art.
Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention, they should
be construed as being included therein.

What is claimed is:

1. A plunger-type electromagnetic control valve compris-
ing:

a plunger reciprocatively disposed in the control valve in

a predetermined operative disposition within a solenoid
coil structure;

a valve element;

a first spring arranged with the plunger for applying a first
bias thereto;

a second spring arranged with the valve element for
applying a second bias thereto;

a connecting rod operatively interconnecting the plunger
and the valve element; and

a guide arrangement for guiding the plunger in a spaced,
contact-free, sliding-friction reducing relationship with
respect to the solenoid coil structure;

wherein the connecting rod extends through the plunger
and wherein the alignment arrangement comprises first
and second guide portions which are made of a low
friction material and are arranged to support the con-
necting rod on either side of the plunger, the first spring
being disposed between the first guide portion and the
plunger.

2. A plunger-type electromagnetic control valve as set

forth in claim 1, wherein the plunger has a vent port therein.

3. A plunger-type electromagnetic control valve as set
forth in claim 1, wherein the valve element is a spherical
valve element and wherein the second spring is arranged to
apply a bias to the spherical valve element through a cage in
which the valve element is disposed.

4. A plunger-type electromagnetic control valve as set
forth in claim 1, wherein the plunger is cup-shaped so as to
have an upstanding peripheral wall portion which surrounds
the first spring.

5. A plunger-type electromagnetic control valve compris-
ing:

a plunger for controlling movement of a valve member
reciprocatively driven within a fixed upper main body
by an electromagnetic coil;

an alignment unit for guiding the plunger along a center
axis of the fixed upper main body, said alignment unit
comprising:

a guide hole which extends coaxially through a center
of the plunger, and

a guide pin having one end immovably secured in a
hole formed in a stationary member of the control
valve, said guide pin being disposed in the guide hole
so that said plunger can reciprocate therealong while
being maintained in a spaced, contact free relation-
ship with a member which surrounds the periphery
of said plunger, and so that one end of the plunger
directly engages a first end of a connecting rod which
is reciprocatively disposed in the electromagnetic
control valve.

6. A plunger-type electromagnetic control valve compris-
ing:

a plunger reciprocatively disposed in the control valve in

a predetermined operative disposition within a solenoid
coil structure;
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a valve element;

a first spring arranged with the plunger for applying a first
bias thereto;

a second spring arranged with the valve element for
applying a second bias thereto;

a connecting rod operatively interconnecting the plunger
and the valve element; and

a guide arrangement for guiding the plunger in a spaced,
contact-free, sliding-friction reducing relationship with
respect to the solenoid coil structure;

wherein the guide arrangement comprises a guide pin
which is rigidly set in a stationary structure of the
control valve and an axial bore formed in the plunger
in which the guide pin is received.

7. A plunger-type electromagnetic control valve as set
forth in claim 6, wherein the first spring surrounds part of the
guide pin.

8. A plunger-type electromagnetic control valve as set
forth in claim 6, wherein the connecting rod abuts an end
surface of the plunger and is coaxially aligned with the guide
pin.

9. A plunger-type electromagnetic control valve compris-
ing:

a plunger for controlling movement of a valve member
reciprocatively driven within a fixed upper main body
by an electromagnetic coil;

an alignment unit for guiding the plunger along a center
axis of the fixed upper main body so that an outer
peripheral surface of the plunger is maintained in a
contact free relationship with surrounding control valve
structure, said alignment unit comprising:

a guide hole which extends coaxially through a center
of the plunger, and

a guide pin having one end immovably secured in a pin
receiving hole formed in a stationary member of the
control valve.

10. The plunger-type electromagnetic control valve
according to claim 9, wherein:

the contact surfaces between the plunger and the fixed
upper main body are conic surfaces having a uniform
vertical angle and a plane perpendicular to the center
axis of the plunger.

11. The plunger-type electromagnetic control valve

according to claim 9, wherein:

said guide hole of the alignment unit is formed along the
coaxial the center of the plunger.

12. The plunger-type electromagnetic control valve

according to claim 9, wherein:

the member in which an end of the guide pin is secured,
is a coil guide and wherein another end of the guide pin
is received in said guide hole formed in a center of the
plunger.

13. The plunger-type electromagnetic control valve

according to claim 9, wherein:

the alignment unit is formed by securing one end of a
connecting rod in a rod receiving hole formed at the
center of the plunger, and by engaging the connecting
rod with a second guide hole formed in the center of the
fixed upper main body.

14. The plunger-type electromagnetic control valve

according to claim 9, wherein:

the alignment unit is formed by securing one part of a
connecting rod in a rod receiving hole formed at the
center of the plunger, and by engaging one end portion
of the connecting rod with a guide portion having a low
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frictional resistance disposed in a concave portion at
the center of a coil guide.
15. The plunger-type electromagnetic control valve
according to claim 14, wherein:
the other end portion of the connecting rod is engaged
with a second guide portion having a low frictional
resistance disposed in a concave portion at the center
and lower end of the fixed upper main body.
16. The plunger-type electromagnetic control valve
according to claim 9, further comprising:
a coil cover disposed within the electromagnetic coil, the
coil cover being made of a magnetic material and
arranged so that an upper end portion is in contact with
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an outer casing and the lower end portion is positioned
to surround the plunger.
17. The plunger-type electromagnetic control valve
according to claim 9, further comprising:

a first spring disposed between the plunger and a station-
ary member of the control valve;

a second spring disposed with a valve element; and

a connecting rod operatively connecting the valve element
and the plunger so that displacement of the plunger
displaces the valve element.



